ied in order to obtain the left intraventricular potentials of the human heart.
Unfortunately the morbidity and mortality encountered by Zimmerman's group4 in man, and those experienced in dogs by Hellems and his associates 7 and by Haddy and co-workers 8 appears to have delayed general acceptance of this method. Only in the past five years has it been recognized as acceptable for diagnostic use for pressure measurements and of special value for selective ventriculography. [9] [10] [11] [12] More recent is the recognition that it is a useful tool even in the presence of aortic stenosis.10 13 The following is a report of an experience with 542 consecutive catheterizations by the retrograde arterial approach.
Material and Methods

Material
A total of 542 left heart catheterizations were performed in 500 patients by the retrograde arterial method between July 1957 and May 1963. Of these, 499 were accompanied by simultaneous right heart catheterization performed by usual methods. Forty-two patients had two retrograde catheterizations (table 1) .
The patients ranged in age from 1 week to 21 years, and 151 of these (30 per cent) were infants (patients under 2 years of age). Table 2 shows the age distribution of the cases. The smallest patient weighed 1.87 Kg. and the largest 80.6 Kg.
Cases were selected for left heart study when (1) significant hemodynamic data were needed from the left heart, (2) the possibility existed of associated anomalies that would be found only by studying the left heart, and (3) it was necessary to exclude an associated ventricular septal 787 6 This is due to the arrangement of the vessels arising from the arch of the aorta. Frequently in such instances the catheter passed into the descending aorta instead of into the arch. A similar situation existed when the right arm was used and there was an anomalous origin of the right subclavian artery distal to the left. This occurred in two patients in this series.
In infants and small children, when the approach was from the groin, the technic offered 11 per cent less chance of success than when the procedure was used in older patients. In 151 tests (in 146 infants) data from the left ventricle were obtained in 127, for a success rate of 84 per cent. Closer analysis of the 151 tests disclosed the following reasons for failure in the 24 cases: aortic stenosis (six), the inability to round the arch of the aorta (eight -four cases of coarctation of the aorta, two inappropriate catheter curves, two cases where the patent ductus arteriosus could not be avoided), and 10 unexplained. When there was no aortic stenosis, and the catheter could be passed aroulnd the arch of the aorta to the valve, we were able to enter the left ventricle in 126 of 137 cases (92 per cent).
Reference has been made to the fact that aortic stenosi.s presents special problems. The over-all success rate was 89 per cent. Retrograde arterial catheterization was unsuccessful in all but one of seven infants. These seven and one 5-year-old boy were the only patients with this anomaly in whom the heart was approached from the groin, and all but one failed.
In the other cases of aortic stenosis when the valve was approached from the arm a success rate of 94 per cent was obtained. This is essentially the same as that obtained in cases with unobstructed valves. The severity of stenosis had no bearing on the rate of failure. Four of the six failures with a brachial approach occurred in two patients. Similarly, the site of stenosis had little bearing on the success rate. Of the 13 failures, one had subvalvular stenosis and one had combined supravalvular and subvalvular obstructions.
It is obvious that the presence of a catheter in a stenotic orifice may exaggerate the degree of obstruction. Only two cases of aortic stenosis were studied by both retrograde methods and anterior percutaneous puncture of the left ventricle. These two cases had peak systolic gradients across the stenosis of 68 and 78 mm. Hg, respectively. The gradients were unaffected by the presence of the catheter. the great vessels, and severe coarctation of the aorta. On postmortem examination death appeared to be due to renal artery thrombosis, which may have been related to the arterial catheterization. The only other deaith occurred in a 6-week-old baby with a single ventricle and associated cardiac anomalies as a result of perforation of the left ventricle related to left ventriculography.
Of the few arrhythmias observed, ventricular fibrillation was the most frequent (four cases). This occurred in conjunction with selective angiocardiography and was less frequent than with the right heart catheterizations performed during the same time period. Two cases of fibrillation followed injection of the contrast media. The other two preceded injection and were due to faulty ground connection of an automatic power syringe and were, therefore, avoidable. All four were promptly and successfully treated by external defibrillation without complication.
The incidence of premature beats resulting from manipulation of the catheter in the left ventricle appeared less frequently than during right heart catheterization. Serious The two deaths and eight complications observed give a mortality rate of 0.4 per cent and a morbidity rate of 1.5 per cent. This is a relatively low risk considering that many of the patients were critically ill, and 10 per cent * Examination 8 months after catheterization rexveals some loss of thumb function but all tissues are viable. The pulse remains absent. of these patients went on to die of their disease at a later date.
Summary and Conclusions
Five hundred forty-two retrograde arterial left heart catheterizations were performed in 500 infants and children with a successful entry into the left heart in 92 per cent of all attempts. When the brachial artery could be used, the success rate was even higher (96 per cent).
A unique advantage of the retrograde approach was that it permitted a detailed study of the left ventricular outflow tract and central aorta. This information was obtained in 89 per cent of 115 cases of aortic stenosis.
Two critically ill infants died as a result of the test, and there were eight other complications.
As a result of the above findings we believe retrograde arterial catheterization of the heart to be a relatively safe, practical, and effective method for studying the left heart of infants and children.
